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This paper proposes strain-based acceptance criteria for assessing plastic instability of the
safety class 1 nuclear components made of ferritic steel during level D service loads. The
strain-based criteria were proposed with two approaches: (1) a section average approach
and (2) a critical location approach. Both approaches were based on the damage initiation
point corresponding to the maximum load-carrying capability point instead of the fracture
point via tensile tests and finite element analysis (FEA) for the notched specimen under
uni-axial tensile loading. The two proposed criteria were reviewed from the viewpoint of
design practice and philosophy to select a more appropriate criterion. As a result of the
review, it was found that the section average approach is more appropriate than the critical
location approach from the viewpoint of design practice and philosophy. Finally, the cri-
terion based on the section average approach was applied to a simplified reactor pressure
vessel (RPV) outlet nozzle subject to SSE loads. The application shows that the strain-based
acceptance criteria can consider cumulative damages caused by the sequential loads un-
like the stress-based acceptance criteria and can reduce the overconservatism of the
stress-based acceptance criteria, which often occurs for level D service loads.
Copyright © 2015, Published by Elsevier Korea LLC on behalf of Korean Nuclear Society.1. Introduction
Recently, it has been reported that seismic events, such as
beyond design basis earthquakes (BDBE) or cyclic design basis
earthquakes (DBE), have occurred in nuclear power plants [1,2].
In safety class 1 nuclear component design, structural failures(J.-S. Kim).
under the terms of the
ich permits unrestricted
cited.
sevier Korea LLC on behadue to material rupture in level D service loads such as safety
shutdown earthquakes (SSE), a kind of energy-limited event,
are prevented by the application of stress limits, which are
specified in the American Society of Mechanical Engineers
(ASME) boiler and pressure vessels (B&PV) Code, Section III,
Subsection NB, NB-3656 [3] and Application F [4]. However, theCreative Commons Attribution Non-Commercial License (http://
non-commercial use, distribution, and reproduction in any me-
lf of Korean Nuclear Society.
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conservative for the level D service loads, which are one time
energy-limited events, because the criteria cannot consider
energy absorption during plastic deformation [5]. Strain-based
methodology, however, is directly related to the material
damage mechanisms in multi-axial stresses. Also, unlike the
stress-based criteria, the strain-based acceptance criteria are
applicable to the evaluation of cumulative damage caused by
sequential loads [6]. Therefore, it is necessary to develop
strain-based acceptance criteria which can be used to
evaluate structural integrity of the safety class 1 nuclear
components during the sequential level D service loads.
A number of researchers have shown that ductile fracture
of metals is strongly dependent on hydrostatic stress states
[7e10]. Based on these results, stress-modified critical strain
models have been developed [11e13]. These studies have used
fracture strain as acceptance criteria. The design philosophy
of the ASME B&PV Code, Section III for the structural integrity
of safety class 1 nuclear components is to prevent plastic
instability or ductile tearing initiation before fracture. In
accordance with this design philosophy, some researchers
have proposed strain-based acceptance criteria on the basis of
the damage acceleration point corresponding to the
maximum load-carrying capability [14,15]. However, EPRI
calculated the strain at the damage initiation point using
Cooper's approximate solutions for pressurized thin-walled
cylinders and spheres, which could be inaccurate [14]. Wu [15]
proposed the strain-based acceptance criteria aimed at
shipping package design, but the criteria is not systematic
and realistic because real tensile test results were not used.
Therefore, in the present paper, a strain-based acceptance
criterion for assessing plastic instability of safety class 1 nuclear
components made of ferritic steel during level D service loads
was proposed. Two approaches were hereby proposed for the
application of strain-based criteria: (1) a section average
approach; and (2) a critical location approach. Both approaches
were based on the damage initiation point corresponding to the
maximum load-carrying capability point instead of the fracture
point via tensile tests and finite element analysis (FEA) for the
notched specimen under uni-axial tensile loading. The first
approachwas to develop a damage initiation criterion based on
stress and strain at the critical locationwhere damage initiation
is most likely to start, which corresponds to the site with the
highest stress triaxiality and strain or with the highest damage.
The second approachwas based on section averaged stress and
strain over the minimum section. Two proposed criteria were
reviewed from the viewpoint of design practice and philosophy
to select a more appropriate criterion. Finally, to identify the
effect of the selected criterion on safety margins, the criterion
based on the section average approach was applied to a
simplified reactor pressure vessel (RPV) outlet nozzle subject to
SSE loads.Table 1 e Chemical composition of SA-508 Group 3 Class l.1 lo
Element C Si Mn S P N
Amount (%) 0.21 0.24 1.36 0.002 0.007 0
Bal., balance.2. The stress-based acceptance criteria
This section summarizes the stress-based acceptance criteria
for level D service loads presented in the ASME B&PV Code,
Section III, Subsection NB, Appendix F in order to understand
the technical basis of the existing acceptance criteria.
The ASME B&PV Code, Section III, Subsection NB, Appli-
cation F has presented the following stress-based acceptance
criteria for ferritic steel materials subjected to level D service
loads:
Pm  0:7Su (1)
PL  1:5 0:7Su ¼ 1:05Su (2)
PL þ Pb  1:5 0:7Su ¼ 1:05Su (3)
where Pm is the general primarymembrane stress intensity, PL
is the local primary membrane stress intensity, Pb is the pri-
mary bending stress intensity, and Su is tensile strength.
Eqs. (1) and (2) are the stress-based acceptance criteria for
plastic instability. Eq. (3) is the stress-based acceptance
criterion for ductile tearing initiation. Eqs. (1) and (2) show
that safety factors on plastic instability are 1/0.7 or 1/1.05 for
level D service loads. The safety factors were applied to the
developed strain-based criteria so as to get equivalent safety
margin levels.3. Experiments
This section presents the experimental method and results to
get input data for FEA and to derive variation of maximum
load-carrying capability point versus notch radius of the test
specimen.
3.1. Material and specimen geometry
Tensile tests were conducted for SA-508 Group 3 Class l.1 low
alloy ferritic steel material, typically used for a reactor pres-
sure vessel. According to ASME B&PV Code, Section II, Part D
[16], the minimum specified yield strength and ultimate
strength are 345 MPa and 550 MPa, respectively. Chemical
composition of the SA-508 Group 3 Class 1 is given in Table 1.
To investigate the effect of triaxial stress states on the
ductility of the SA-508 Group 3 Class l.1, tensile tests were
performed using smooth and notched bars with four different
notch radii. Fig. 1 shows schematic configurations for the
smooth and notched tensile bars. For all specimens, the
minimum section has a diameter of 4.0 mm. For notched
bars, four different notch radii were machined. The notch
radii were 16.0 mm (R16), 4.0 mm (R4), 2.0 mm (R2), andw alloy steel.
i Cr Mo Al N V Fe
.92 0.21 0.49 0.022 0.0041 0.005 Bal.
Fig. 1 e Schematic illustrations: (A) smooth tensile bar and
(B,C) notched tensile bars (unit: mm).
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round notches were machined, but for the specimen with
R0.5, the V-notch with a half angle of 45 was machined
with the notch radius of 0.5 mm, as schematically depicted
in Fig. 1.3.2. Test and results
All tests on the smooth and notched bar specimens were
conducted under displacement-controlled tensile loading
with a displacement rate of 0.5 mm/min at room temperature
(20 C). Displacement was measured by an extensometer with
a gauge length of 25 mm. Engineering stressestrain data for
the smooth specimen and for the four different notched
specimens tested, are summarized in Fig. 2. It shows that, asFig. 2 e Experimental engineering stressestrain data for
smooth and notched tensile bar tests.the notch radius decreases, the yield and tensile strengths
increase, but the strains corresponding to the maximum
load-carrying capability and fracture decrease. Such a trend
is due to the fact that the triaxial stress increases with
decreasing notch radius. True stressestrain data of the SA-
508 Group 3 Class l.1 are shown in Fig. 3, resulting from a
smooth bar tensile test. True stress and strain data were
determined via the following procedure:
Before necking:
- True stress, sT, is determined by using Eq. (4).
sT ¼ sð1þ eÞ (4)
where s and e are engineering stress and strain, respectively.
- True strain, eT, is determined by using Eq. (5).
eT ¼ lnð1þ eÞ (5)
After necking:
- True stress at the fracture, sTf , is determined by using Eq.
(6).
sTf ¼ sf
A0
Af
(6)
where sf is engineering stress at the fracture, A0 is initial
cross-sectional area, Af is cross-sectional area at the fracture.
- True strain at the fracture, eTf , is determined via Eq. (7)
derived using Eq. (5) and the plastic incompressibility
condition which is used to maintain constant volume during
plastic behavior [17].
eTf ¼ ln

1þ ef
 ¼ ln lf
lo
¼ lnA0
Af
(7)
where ef is engineering strain at the fracture, lo is initial gauge
length, lf is gauge length at the fracture.
- True stress and strain data are determined by linear
fitting with logelog scale between the necking point and the
fracture.Fig. 3 e True stressestrain data for SA-508 Group 3 Class l.1
used in the present finite element analysis.
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In this section, the FEA procedure for deriving stress and
strain states of the notched specimens during tensile loading
is presented. In addition, comparison results between the FEA
and the experiments are presented.4.1. FE model and analysis
Tensile tests of smooth and notched specimens were simu-
lated by performing detailed elasticeplastic, three-dimen-
sional FE analyses by using the commercial FEA program,
ABAQUS (Dassault Systems). Variations of the triaxial stress
and strain within each specimen were determined by
reviewing the FEA results. Three-dimensional linear elements
with full integration were used because there was little dif-
ference among the various FE characteristics as shown in
Fig. 4. Furthermore, the second-order finite elements are often
difficult to converge due to stiffening at midnodes and the
linear, reduced integration elements may be limited due to
the hourglass modes. Fig. 5 depicts the typical FE meshes
with different notch radii used in the present study.
The experimental true stressestrain data, depicted in
Fig. 3, were used in the FE analyses. Materials weremodeled as
isotropic elasticeplastic materials. To consider a large
geometry change effect in tensile testing, a large geometry
change option was applied. The deformation boundary
condition was applied to the top of the FE model, and the
resulting tensile load was determined from nodal forces.
The gauge length elongation was also monitored from the FE
displacement results. Local stress and strain fields in the
minimum section of the tensile bars were also extracted
from the FE results as a function of applied load.4.2. Comparison with experimental results
Fig. 6 presents comparison results of the experimental
forceedisplacement data with the FEA results. The fractureFig. 4 e Variation of equivalent plastic strain on center of
the notched bar R2 at maximum load-carrying capability
point versus the various finite element characteristics.initiation points in the figures represent the points
corresponding to the onset of fracture. As shown in Fig. 6,
there is excellent agreement. Although the present FEA
cannot simulate failure of tensile test specimens, it can
simulate tensile deformation behavior even after necking.
Detailed results on variations of the stress triaxiality and the
strain at the damage initiation point, which corresponds to
the maximum load-carrying capability point, will be given in
the next section.5. Damage initiation plastic strain and
acceptance criteria
This section presents the damage initiation plastic strain
defined as a function of stress triaxiality and the acceptance
criteria for plastic instability. The damage initiation plastic
strain means an equivalent plastic strain at the damage
initiation point corresponding to the maximum load-carrying
capability.5.1. Variation of stress triaxiality and damage initiation
plastic strain
The theory of damage mechanics takes into account the pro-
cess of material degradation due to the initiation, growth, and
coalescence of microcracks/voids in the materials under
monotonic, cyclic, impact, or thermo-mechanical loading. A
valid material failure criterion must therefore take into ac-
count the process of progressive material damage under
either static or dynamic loading [18]. In the case of typical
uniaxial tensile stressestrain data, there is a marked
reduction of load-carrying capacity beyond the tensile
strength point corresponding to the maximum load-carrying
capability point. The deformation during this phase is
localized in a neck region of the specimen. It can be
assumed that the maximum load-carrying capability point is
identified with the material state at the onset of damage
because cumulative damage before the maximum load-
carrying point is insignificant from the viewpoint of the
macroscopic phenomenological level [19].
Fig. 7 shows the radial variation of the stress triaxiality and
equivalent plastic strain in the minimum (necked) section of
the smooth and the notched bars at the damage initiation
point corresponding to the maximum load-carrying
capability. The stress triaxiality is defined by the ratio of the
hydrostatic stress, sm, to the equivalent stress, s:
sm
s
¼ s1 þ s2 þ s3
3s
(8)
where si(i ¼ 1e3) denote the principal stresses. Normalized
distance represents the radial distance from the center of the
bar divided by the outer radius. The equivalent stress, s, is
expressed in terms of three principal stresses as follows:
s ¼ 1ﬃﬃﬃ
2
p
h
ðs1  s2Þ2 þ ðs2  s3Þ2 þ ðs3  s1Þ2
i0:5
(9)
Results show that the stress triaxiality decreases with
increasing notch radius, but always attains its maximum
Fig. 5 e FEmeshed for smooth and notched tensile bars: (A) smooth, (B) notch radius 16, (C) notch radius 4, (D) notch radius 2,
and (E) V-notch (notch radius 0.5). FE, finite element.
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the notch radius. For a relatively large notch radius, the
equivalent plastic strain at the damage initiation point attains
its maximum value in the center of the bar. However, for the
V-notched and R2 bars, themaximumvalues of the equivalent
plastic strains do not occur at the center but at the notch tip.
For the R2 bar, the difference of the equivalent plastic strain at
the center from the one at the notch tip is not great compared
with the difference of the stress triaxiality. Therefore, it can be
expected that plastic instability occurs from the center of the
specimen excepting the V-notched bar.5.2. Damage initiation plastic strain as a function of
stress triaxiality
From detailed elasticeplastic FEA with the large geometry
change option, accurate values of stress and strain compo-
nents can be determined at every stage of deformation. By
combining such information with notched bar tensile test
results, damage initiation criteria in terms of the equivalent
damage initiation plastic strain (called the true damage initi-
ation plastic strain) as a function of the stress triaxiality can be
established.
The stress triaxiality may change during tensile loading
and is a function of the equivalent plastic strain. Therefore, in
order to include the history of stress and strain, average stress
triaxiality to the onset of damage corresponding to the
maximum load-carrying capability point,

sm
s

avgd
, is intro-
duced as follows:
sm
s

avgd
¼ 1
e
pl
d
Zepld
o
sm
s
depl (10)
epl ¼
ﬃﬃﬃ
2
p
3
h
ðe1  e2Þ2 þ ðe2  e3Þ2 þ ðe3  e1Þ2
i0:5
(11)
where epld represents the equivalent plastic strain at the onset
of damage corresponding to the maximum load-carrying
capability point. epl denotes the equivalent plastic straindetermined from the FEA and ei(i ¼ 1e3) denotes the principal
strains.
In this paper, the damage initiation criteria were estab-
lished via two approaches. One approach was to develop a
damage initiation criterion based on stress and strain at the
critical locationwhere damage initiation ismost likely to start,
which corresponds to the site with the highest stress triaxi-
ality and strain, or with the highest damage. The other
approach was based on section averaged stress and strain
over the minimum section as follows:
sm
s

avgd

secavg
¼ 1
t
Z t
o
1
e
pl
d
Zepld
0
sm
s
depldt (12)
e
pl
d

secavg
¼ 1
t
Z t
o
e
pl
d ðxÞdx (13)
where subscript “sec-avg” means section average, t is thick-
ness of the minimum section, and x means the thickness-
directional coordinate. In the present study, both approaches
are taken, and two different damage initiation criteria are
developed, as described below.
The resulting true damage initiation plastic strains are
shown in Fig. 8, as a function of the (average) stress triaxiality.
It shows that the true damage initiation plastic strain versus
the stress triaxiality has a point of inflection (the stress
triaxiality ¼ 0.4617 for the critical location
approach, ¼ 0.3292 for the section average approach). It was
found that the true damage initiation plastic strain increases
prior to the point of inflection and then decreases with
increases in the stress triaxiality. Existence of the inflection
point is primarily thought to be due to the change in a
dominant damage mechanism between void nucleation and
growth. The void nucleation, accelerated by shear
deformation, decreases with increases in the stress
triaxiality whereas the void growth increases with
increasing hydrostatic stress or stress triaxiality [20,21]. For
the high stress triaxiality region with higher stress triaxiality
than that at the inflection point, the void growth
Fig. 6 e Comparison results of the experimental force-displacement data with the FEA results for the smooth and notched
tensile bars: (A) smooth, (B) notch radius 16, (C) notch radius 4, (D) notch radius 2, and (E) V-notch (notch radius 0.5). FEA,
finite element analysis.
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stress state. As a result, the damage initiation plastic strain
decreases with increases in the stress triaxiality. For the low
stress triaxiality region with lower stress triaxiality than that
at the inflection point, the void nucleation mechanism is
dominant due to the shear-dominant stress state. The
damage initiation plastic strain thus increases with
increases in the stress triaxiality. The present work did not
perform detailed analyses and tests for the low stress
triaxiality region including pure shear. The present worktherefore proposed only the true damage initiation criteria
after the point of inflection.
Based on the variations of the true damage initiation
plastic strains versus the stress triaxiality in Fig. 8, the
following regressions were proposed:
e
pl
d ¼ 0:3358 exp

 1:4491
sm
s

avg
	
þ 0:001 ðthe critical location approachÞ (14)
Fig. 7 e The radial variation of the stress triaxiality and
equivalent plastic strain in the minimum (necked) section
of the smooth and the notched bars at the damage
initiation point corresponding to the maximum load-
carrying capability: (A) stress triaxiality and (B) equivalent
plastic strain.
Fig. 8 e The true damage initiation strain as a function of
the (average) stress triaxiality: (A) critical local approach
and (B) section average approach.
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pl
d

secavg
¼ 0:3020 exp
"
 3:8507
sm
s

avg

secavg
#
þ 0:0919 ðthe section average approachÞ (15)
where Eq. (14) does not include results for the V-notched bar
because its expected damage initiation location is different
from the others due to very high strain concentration at the
notch tip. Eqs. (14) and (15) do not include results for the
smooth bars because the stress triaxialities of the smooth
bar calculated by the critical location and the section
average approaches at the maximum load-carrying
capability points are less than the inflection points, 0.4617
and 0.3292, respectively. Fig. 8 shows that Eqs. (14) and (15)agree with the data and capture dependence of the stress
triaxiality on the equivalent plastic strain to the damage
initiation corresponding to the maximum load-carrying
capability. It was also found that the equivalent plastic
strain to fracture is much higher than the true damage
initiation strain for equivalent stress triaxiality. That is, the
true damage initiation criteria are more conservative than
the fracture strain criteria.
Fig. 9 depicts comparison results of the true damage
initiation criteria between the critical location approach and
the section average approach. As depicted in Fig. 9, the
critical location approach is more sensitive to the stress
triaxiality than the section average approach. The section
average approach is more conservative for the stress
triaxialities below specific value (~0.8) than the critical
location approach whereas the critical location approach is
more conservative for the stress triaxialities above the
specific value than the section average approach.
Fig. 9 e Comparison results of the true damage initiation
criteria between the critical location approach and the
section average approach.
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Considering the safety factor 1/0.7 presented in the ASME
B&PV Code, Section III, Application F, the following criteria on
plastic instability were proposed:
The critical location approach:
eplap  0:7epld ¼0:7


0:3358 exp

 1:4491
sm
s

avgap
	
þ 0:001

sm
s

avgap
 0:4617

(16)
The section average approach:
eplap

secavg
 0:7epld

secavg
¼0:7
(
0:3020 exp
"
 3:8507
sm
s

avgap

secavg
#
þ 0:0919
)
sm
s

avgap
 0:3292

(17)
eplap

secavg
¼ 1
t
Z t
o
eplapðxÞdx (18)Fig. 10 e A FE model and boundarywhere in both equations subscripts “ap” and “ap” in subscript
“avg-ap” mean applied load.6. Discussion
In the present work, the damage initiation criteria in terms of
the true damage initiation strain (the equivalent plastic strain
to the damage initiation corresponding to themaximum load-
carrying capability) were proposed as a function of the stress
triaxiality for the safety class 1 nuclear components made of
SA-508 Group 3 Class l.1 low alloy ferritic steel during the level
D service loads. Two different damage initiation criteria were
given, one based on local stress and strain information at the
critical location within the smooth and notched bars where
damage initiation is likely to take place, and the other based
on section averaged stress and strain information over the
ligament where damage initiation is expected. The applica-
bility of the two approaches was reviewed from the viewpoint
of design practice and philosophy.
As shown in Figs. 7B and 8A, the critical location approach
is invalid for the significant stress/strain concentration loca-
tions such as the V-notched tensile bar. Considering that the
FEA results at the stress concentration location such as a
notch significantly depends on FE size and characteristics due
to characteristics of FEA [22], this is an appropriate result.
Furthermore, the acceptance criteria for plastic instability in
the ASME B&PV Code are aimed at preventing gross plastic
instability rather than local instability because it is based on
membrane stress [as in Eqs. (1) and (2)], which is uniformly
distributed and equal to the average stress across the
thickness of the section under consideration. The physical
meaning of the plastic instability of structures is related to
the deformation state not at critical locations but rather over
gross sections. Therefore, it can be determined that the
section average approach is more appropriate to nuclear
design practice and philosophy than the critical location
approach.
Fundamental design procedures using the strain-based
acceptance criterion based on the section average approach
are briefly presented as follows: (1) to establish strain classi-
fication lines at the expected damage initiation locations; (2)
to calculate the stress triaxiality by substituting the elastice-
plastic FEA results, stress and strain distribution histories
along the strain classification lines, into Eq. (12); (3) to
calculate the section-averaged applied equivalent plastic
strain, eplap

secavg
, by substituting the applied equivalent
plastic strain distributions along the strain classificationconditions. FE, finite element.
Fig. 11 e Acceleration controlled load simplified from the El
Centro earthquake data.
Fig. 12 e Time histories of von Mises effective stresses and equ
effective stresses and (B) equivalent plastic strains.
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structural integrity for the plastic instability is maintained or
not by substituting the stress triaxiality and the section-
averaged applied equivalent plastic strain into Eq. (17).7. Application of the proposed acceptance
criterion
In this section, application results of the proposed criterion to
a representative simplified safety class 1 nuclear component
is presented for identifying effect of the criterion on safety
margin of the safety class 1 nuclear components.
7.1. Target
The study used a simplified RPV outlet nozzle subject to SSE
loads as an application target. Fig. 10 depicts a FE model and
boundary conditions. The FE model consisted of linear 2D
axis-symmetric solid FEs with full integration. Nodes on the
end of the RPV side were kinematically coupled with a node
located on a center point at the end. Lumped mass 65 ton,ivalent plastic strains at nodes 373 and 378: (A) von Mises
Table 2 e Safety margin assessment results of the node 378 using the proposed strain-based criterion and the existing
stress-based criterion.
Criteria The 1st loading step The 2nd loading step
Satisfaction of the criteria Safety margina Satisfaction of the criteria Safety margina
Stress-based Yes 49.0% Yes 42.0%
Strain-based
(section average)
Yes 83.3% Yes 66.8%
a Safety margin ¼ 100  (1-applied value/acceptance value).
Nu c l E n g T e c h n o l 4 7 ( 2 0 1 5 ) 3 4 0e3 5 0 349corresponding to a quarter of the RPV mass, was applied on
the central node as a point mass as depicted in Fig. 10. On
the other end (end of the pipe side), the acceleration
controlled load with maximum 0.4 g presented in Fig. 11 was
continuously applied in the direction of the nozzle axis
twice. The acceleration controlled load was simplified from
the acceleration time history data of the El Centro
earthquake [23]. The nozzle was made of SA-508 Grade 3
Class l.1 low alloy ferritic steel.
7.2. Finite element analysis
Fig. 12 shows time histories of vonMises effective stresses and
equivalent plastic strains at nodes 373 and 378. The nodes
were located on the nozzle side end and correspond to
maximum stress generation points. It is demonstrated that
the von Mises effective stresses do not indicate any
cumulative behavior whereas the equivalent plastic strains
were accumulated according to sequential loading.
7.3. Safety margin assessment
By using the proposed acceptance criterion based on the
section average approach and the FEA results, the structural
safety margin of the simplified RPV outlet nozzle subject to
SSE loads was assessed. The safety margin was then
compared with that assessed from the stress-based accep-
tance criteria in the ASME B&PV Code.
Table 2 presents the safety margin assessment results of
node 378 using the proposed strain-based criterion and the
existing stress-based criterion. From Table 2, it is found that
using the strain-based acceptance criterion increases the
safety margin more than using the stress-based acceptance
criterion. In other words, it means that the strain-based
acceptance criterion can reduce overconservatism of the
stress-based acceptance criterion. In addition, the strain-
based acceptance criterion clearly shows that the safety
margin decreases with consecutive loading.8. Conclusion
From the study regarding the strain-based acceptance criteria
on plastic instability of the safety class 1 nuclear components
made of ferritic steel during level D service loads, the
following findings were derived: (1)the strain-based accep-
tance criteria to assess structural integrity for plastic insta-
bility were proposed; (2) the proposed criteria are based on the
true damage initiation plastic strain, which is the equivalent
plastic strain at the damage initiation point corresponding tothe maximum load-carrying capability, as a function of the
stress triaxiality; (3) the section average approach is more
appropriate than the critical location approach from the
viewpoint of design practice and philosophy; (4) the use of the
strain-based acceptance criteria has certain advantages, such
as its ability to consider cumulative damages caused by the
sequential loads (unlike in the stress-based acceptance
criteria), and its associated reduction of the overconservatism
of the stress-based acceptance criteria which often occurs for
level D service loads.Conflicts of interest
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